Differences in Presentation and Outcomes Between Children With Familial Dilated Cardiomyopathy and Children With Idiopathic Dilated Cardiomyopathy Outcomes of Pediatric Familial Cardiomyopathy
environmental or therapeutic exposures, endocrine disease, although nearly 70% of cases are categorized as idiopathic. 1 Over the past 30 years, outcomes of children with cardiomyopathy have improved little and only by the introduction of heart transplantation. 6 In a previous study, Towbin et al 1 found that the 5-year survival of children with DCM varied depending on cause, with the best clinical outcomes observed in children with FDCM (94%), and the worst in children with neuromuscular disorders (57%). Survival of children with idiopathic disease and malformation syndromes was intermediate (76% for both). 1 Unfortunately, the same study found that a cause of DCM was identified in only 34% of children, although comprehensive pathogenic testing was not always conducted. 1, 7 Another report from the PCMR, using competing risks analysis, showed that children who had FDCM at the time of diagnosis had a lower death rate but a similar transplant rate at 5 years after diagnosis when compared with idiopathic dilated cardiomyopathy (IDCM). 8 As previous studies have suggested that outcomes in children with DCM are related to the pathogenesis of DCM, improving the ability to identify the underlying cause of the disease could improve risk estimates and treatment strategies. Knowing the underlying cause of DCM is also a prerequisite for risk assessment for family members. Therefore, we undertook a new PCMR analysis comparing children with FDCM to children with IDCM with a documented negative family history.
We hypothesized that transplant-free survival (absence of death or heart transplantation) at the time of last follow-up would be better in children with FDCM than in those with IDCM. Using data from the PCMR, we also identified and compared the predictors of the combined end point of death or transplant of children with FDCM to those with IDCM.
Methods
The PCMR is a cooperative effort of nearly 100 centers in the United States and Canada that enrolled children with primary cardiomyopathy between January 1990 and February 2009. The PCMR design and implementation are described in detail elsewhere. 2 The study was approved by an institutional review committee and the subjects gave informed consent.
Briefly, children aged <18 years, newly diagnosed with cardiomyopathy at participating centers, were eligible for inclusion. Children were ineligible if they had a specific secondary cause of DCM, such as pulmonary parenchymal or vascular disease, endocrine disease, rheumatic disease, immunologic disease, cardiotoxic exposures, or a congenital cardiovascular malformation, that occurred independently of a malformation syndrome. All participating centers obtained Institutional Review Board approval to enroll patients in the registry.
Demographics, family history, vital and transplant status, and clinical data relevant to cardiomyopathy, including echocardiographic measurements, were collected at diagnosis and annually thereafter.
For the present analysis, the diagnosis of DCM (defined as a DCM phenotype without a mixed phenotype such as DCM with hypertrophic or restrictive features or coexisting left ventricular [LV] noncompaction) was determined using strict echocardiographic criteria, including evidence of LV dilation and systolic dysfunction, semiquantitative echocardiographic patterns of DCM, a confirmed DCM diagnosis by autopsy or endomyocardial biopsy, or other compelling clinical evidence of DCM. 1 Familial DCM was defined as a patient with a clinical diagnosis of FDCM documented in the medical record by the treating cardiologist at the last known follow-up or at least one or more affected family members (regardless of age) noted in the medical record. This report is based on the analysis of the results from the PCMR database as of January 14, 2013.
Study Variables
Demographic variables included age, sex, and race/ethnicity. Congestive heart failure (CHF) at diagnosis, as indicated in the medical record, and a family history of sudden death were also included in analyses. Echocardiographic measurements, including LV enddiastolic dimension (LVEDD) and end-systolic dimension, LV enddiastolic posterior wall thickness, end-diastolic septal thickness, and LV mass were expressed as z scores relative to body surface area in normal children 9 ; LV fractional shortening (LVFS) and LV ejection fraction (LVEF) were expressed as age-adjusted z scores. 10 Data on the presence of atrial enlargement (left, right, or both), and LVEF were available for less than half of children so were not analyzed further.
Statistical Methods
A Fisher exact test was used to compare the frequencies of categorical variables; Student's t test (for variables with normal distributions) and the Wilcoxon rank-sum test (for variables with other continuous distributions) were also used to evaluate differences by the presence or absence of FDCM.
The Kaplan-Meier method was used to estimate the incidence of the composite end point of the earliest occurring of pretransplant death and cardiac transplant. The two components of the composite, pretransplant mortality and transplant, were analyzed using cumulative incidence functions, as death is a competing risk to the occurrence of transplant, with the use of Gray's test 11 for hypothesis testing. Regression modeling to compare the incidence of pretransplant death and the incidence of transplant between the FDCM versus IDCM groups was conducted using the subdistribution hazard model methodology of Fine and Gray. 12 Similarly, the echocardiographic outcomes were analyzed in a competing risks framework with the methodology described above. 13 The component outcomes were echocardiographic normalization, pretransplant death/transplant composite, and persistently abnormal echocardiogram. Echocardiographic normalization was defined as having both LVEDD <2 standard deviations above normal for body surface area (LVEDD z score <2) and LVFS or LVEF <2 standard deviations below normal for age (LVFS or LVEF z score >−2).
Cox proportional hazards regression modeling was used to assess FDCM versus IDCM differences in the composite outcome of death/ transplant, and to identify the factors that were univariately associated with the composite end point. To determine whether the predictors of death/transplant differed for FDCM and IDCM, each covariate was tested for interaction. Multivariable modeling was used to identify independent predictors of death/transplant. The multivariable model selection procedure included all variables with a univariate P value <0.20, with the exception of medications at diagnosis, left or right atrial enlargement, and ejection fraction because of the large number of missing values for these variables. The procedure to construct appropriate covariate-adjusted models included all variables with an FDCM versus IDCM univariate P value <0.10. However, LVEDD rather than LV end-systolic dimension was used for final models because of missing data in the latter.
Alpha was set at 0.05, and all tests were 2-tailed. Data were analyzed with the Statistical Analysis System statistical software program, version 9.3 (SAS Institute, Cary, NC), the free software package R "cmprsk" and S-PLUS version 6.1 (Insightful Corporation, Seattle, Washington, DC).
Results

Demographic and Clinical Characteristics
As of January 2013, 1834 children with DCM were enrolled in the PCMR. Of these, 223 were identified as having FDCM and 647 as having IDCM as of their last follow-up visit. We excluded 964 patients: 357 whose family history was unknown, 153 with a diagnosis of IDCM who were found to have another cause (myocarditis, inborn errors of metabolism, Outcomes of Pediatric Familial Cardiomyopathy malformation syndromes, and neuromuscular disorders) at follow-up, and 454 children in whom a specific cause (other than FDCM) was identified at clinical presentation. The median follow-up time of patients who did not reach an end point of death or transplantation (nontransplanted survivors) was 3.7 years (interquartile range [IQR]: 1.0-6.9 years) for the FDCM group and 2.1 years (IQR: 0.6-5.1) for the IDCM group. The median follow-up time for the entire cohort across both groups was 2.4years (IQR: 0.8-5.6).
Children with FDCM were significantly older at presentation than children with IDCM (median, 3 
Outcomes
We observed 99 events in the 223 patients with FDCM (22 deaths and 77 transplants) and 296 events in the 647 patients with IDCM (90 deaths and 206 transplants). There was a significant difference in the cumulative incidence of pretransplant mortality; children with FDCM fared better than those with IDCM (Gray test P=0.04; Fine-Gray hazard ratio (HR) for pretransplant death 0.64; Figure 1A ). The cumulative incidence of pretransplant death at 3 years postcardiomyopathy Table 2 ). There was no significant difference in the cumulative incidence of transplant (P=0.72, Figure 1B) , nor for the distributions for time to the composite outcome of death/ transplant (P=0.15, Figure 2 ). The cumulative incidence of transplant at 3 years with pretransplant death as competing risk were 34.2% (95% CI, 27.5%-41.0%) and 36.1% (95% CI, 32.1%-40.3%) in the FDCM and IDCM groups, respectively (P=0.997). In covariate-adjusted models for the separate outcomes of pretransplant death and transplantation, there remained no difference between the FDCM and IDCM groups ( Table 2) .
At three years after diagnosis of cardiomyopathy, there was no difference in the proportion of children with echocardiographic normalization between patients with FDCM and those with IDCM (P=0.33). The rates were 30% versus 26%, respectively, at 3 years. We found no differences in medical therapy between the children with echo normalization and those without for both the IDCM and FDCM groups except that children with FDCM who did not have echo normalization were significantly more likely to receive anticongestive therapies (P<0.001).
Risk Factors for Death/Transplant
Since there were no differences in time to death or transplant between FDCM and IDCM groups, we combined the groups and identified univariate risk factors for the composite outcome of time to death or transplantation since diagnosis ( Table 3 ). The risk of death or transplant was associated with older age at diagnosis (HR, 1.03; 95% CI, 1.01%-1.05%). Diagnosis after 1 year of age significantly increased the risk of death or transplant by nearly 40% (HR, 1.39; 95% CI, 1.14%-1.70%). The HR for death or transplant was 3.18× as large for children with CHF at diagnosis as it was for those without (Table 3) . For the subset of children with medication class data, antiarrhythmic use was associated with death/ transplant (HR, 1.73; 95% CI, 1.22%-2.46%). We identified an interaction (P=0.025) between DCM type (FDCM versus IDCM) and only one clinical factor: LVEDD z score. More abnormal dilation was a significant risk factor for both groups, but the effect was stronger for children with FDCM (HR, 1.24; 95% CI, 1.14%-1.35% in FDCM versus HR, 1.10; 95% CI, 1.05%-1.16% in IDCM). However, for the entire cohort the only independent predictors of death/transplant were those shown in the multivariable model in Table 2 (LVEDD z score without an interaction, CHF and older age at diagnosis).
Discussion
The study analyzes outcome and risk factors in patients with FDCM and DCM. The major finding is that the risk factors for the composite outcome of death or transplant are CHF and older age at diagnosis, particularly age at presentation older than 1 year increased the risk of death or transplant by almost 40%; dilatation of the LV (LVEDD z score) was also a significant risk factor for death or transplant. In the subsets of children with medications data available, we found that antiarrhythmic use was associated with an increase of death or transplant; this finding may reflect the fact that patients were sicker although the possibility of a proarrhythmic effect cannot be excluded and caution should be used when starting these drugs. Our findings show that the pathogenesis of cardiomyopathy, FDCM, or IDCM was not a factor in determining the outcome; patient clinical characteristics are the major determinant. 
Outcomes of Pediatric Familial Cardiomyopathy
Although there was no difference in outcome between the FDCM and IDCM groups, we found that children with FDCM were significantly older at the time of diagnosis, less likely to present with heart failure, and more likely to have a positive family history of sudden cardiac death than were children with IDCM. In addition, they showed less evidence of pathological LV remodeling at presentation as shown by significantly less, but still abnormal, LV dilation, less septal thinning, and better, but still abnormal, LV function (LVFS or LVEF). Children with IDCM were more likely to be on cardiac medications and antiarrhythmic at diagnosis probably reflecting the fact that IDCM children were sicker at presentation as evidence that they were more likely to present with CHF.
Of children with either FDCM or IDCM, 26% to 30% experienced echocardiographic normalization over time, a finding consistent with normalization rates in a previous PCMR analysis of all patients with IDCM (regardless of family history). 14 Our report represents perhaps the largest study to date in children comparing clinical outcomes in FDCM and IDCM. In previous studies of patients with IDCM, further investigation of relatives found that between 20% and 50% of index cases had FDCM. [15] [16] [17] [18] Although these studies were mostly of adults, they all included pediatric cases of DCM. In our study, of the 1832 cases of pure DCM in the PCMR database, 12% of children had a diagnosis of FDCM at their most recent follow-up. Similarly, in the National Australian Childhood Cardiomyopathy Study, the prevalence of FDCM in children aged <10 years was 14.7%. 3 Clear clinical or echocardiographic markers that differentiate FDCM from IDCM have been difficult to identify. FDCM cannot be reliably diagnosed in any CHF indicates congestive heart failure; CI, confidence interval; DCM, dilated cardiomyopathy; and LVEDD, left ventricular end-diastolic dimension.
*Where 2 P values are shown, the first is based on cause-specific hazard function and the second is based on the cumulative incidence functions for FDCM vs IDCM via Fine-Gray subdistribution function. For death alone and transplant alone in adjusted modeling, the P value is based the Fine-Gray regression. For death/transplant composite, the P value is derived from the Wald test of the log hazard ratio estimated by Cox proportional hazards regression modeling. 15, 17, 19 Even an accurate family history cannot necessarily identify FDCM at the time of diagnosis. Indeed, as illustrated by the PCMR experience, it is likely that a subset of the patients categorized as IDCM will be subsequently determined to have FDCM because of the manifestation of the disease in relatives at a later time and others may carry the same causative gene mutations despite the absence of a previous family history of DCM. Presently, the diagnosis of FDCM requires assembling a complete and accurate family history, as well as screening family members with echocardiography or another imaging modality. A recent review concluded that proper screening of family members with echocardiography or other assessments of LV size and function will detect FDCM in 20% to 35% of patients with IDCM. 20 Genetic evaluation of these populations using newly available DCM genetic testing panels should improve identification of children with FDCM. Because most cases of IDCM are suspected to have a genetic cause, evaluation of these children with clinically available DCM genetic testing panels is also important.
For many years, genetic testing for DCM in children has been used infrequently in clinical practice because of the high cost with traditional sequencing methods and the relatively low probability of identifying a mutation in one of the many DCM genes. However, large gene panels are now available as a result of the development of next-generation sequencing approaches which can screen a larger number of genes simultaneously at lower cost and also result in a higher number of positive results. [20] [21] [22] Thus, incorporating genetic testing and genetic counseling into the care of patients with DCM is recommended. 23, 24 In an Australian prospective study of sudden cardiac death in children and young adults, the authors showed that genetic testing performed at autopsy was able to identify a likely cause of death in 27% of the cases of unexplained sudden cardiac death. 25 Although the cost-effectiveness of genetic testing in DCM has not yet been evaluated, studies on the costeffectiveness of genetic testing in hypertrophic cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, and long QT syndrome indicate an overall benefit over screening via cardiac surveillance. 26, 27 
Strengths and Limitations of the Study
The PCMR is the largest longitudinal study of cardiomyopathy in children, including more than 3,500 affected children. However, the diagnosis of FDCM or evidence of affected family members in children with IDCM was identified only from the medical record. Specifically, the diagnosis of FDCM was based on a notation of FDCM in the medical record without Finally, we found no statistically significant difference in the time to death/transplant (43% versus 51% for FDCM versus IDCM at 3 years). This difference may be considered clinically significant, but we had limited statistical power because of the shorter followup time in the IDCM group.
Echocardiographic screening of relatives has shown that relying on family history alone to identify FDCM may not identify asymptomatic family members with cardiomyopathy or detect whether relatives reported to have DCM may actually have had other cardiac diseases. 28 Because our study relied solely on the family history found in the medical record to make the diagnosis of FDCM, some children may have been misclassified with respect to final DCM category. Changes in clinical protocols addressing the acquisition and documentation of complete pedigrees and comprehensive family screening in this population during the course of this study could also have affected the percentage of children classified as FDCM.
Future Directions
Nearly half of our FDCM cases were not identified as such at their initial clinical presentation. Our findings suggest that at least the first-degree relatives of children presenting with DCM without a clear nonfamilial cause should undergo echocardiographic screening. In addition, state-of-the art clinical genetic testing of the proband, and if positive, of other family members, should be used to more accurately make the diagnosis of FDCM in the affected child. Advances in clinical genetic testing for DCM, including the development of more comprehensive panels and cost-effective whole-genomic analysis, will eventually provide a more rapid and definitive diagnosis of FDCM in children.
Conclusions
At diagnosis in both FDCM and IDCM, older age, the presence of CHF, and increased LV dilation are independently associated with poor outcomes. At the time of diagnosis, children eventually categorized as FDCM seem to be at an earlier stage of the disease with less LV remodeling, and a lower prevalence of heart failure, when compared with children with IDCM.
In summary, recognition of FDCM is important about the implications for screening other family members, but not for the management of the affected individual, as the outcomes are related to patient factors, not whether the child has FDCM or IDCM.
